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PREFACE

TRW Systems Group is conducting a set of studies under Contract No.
NASw-1057 with the Office of Manned Space Flight, the National Aeronautics and
Space Administration, for the evaluation and analysis of "advenced lunar missions
trajectories”. Generally, the tasks consist of the selection of representative
trajectories and/ or orbital techniques suitable for certain specified lunar and
earth orbital missions. In the selection of such trajectories and orbits con-
sideration is given to the effects of the veriations of mission parameters and
relevant constraints which are most limiting to mission performance. All of
the specified missions are manned and involve the use of standard Apollo
spacecraft or modifications thereof.

This document reports the results of such studies for a set of AES earth
orbital and lunar missions. Representative flight trajectories were evaluated
which tended to maximize the net disposable payload in orbit. Spacecraft

ground treck data was also determined. The launch vehicles were Saturn V and
Saturn IB.
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1.0 INTRODUCTION

The primary purpose of the study was to evolve and evaluate, in terms of
net disposable payload, flight trajectory techniques for a ty'pica.l set of AES
missions which tended to optimize such disposasble payloed. Both booster and
spacecraft propulsive capabilities were utilized to improve mission performance.
The ground rules and comnstraints bounding the permissible flight techniques are
specified in Section 14.0.

It is important to note that the study was essentially trajectory oriented,
and as such, overall system considerstions were not fully anslyzed. On the other
hand, it wes a study objective to evolve meaningful and useful trsjectory data.
Consequently, wherever possible, system implications were estimated on the bases
of experience and partial analysis. Examples of this type of consideration are
the provision for manned earth entry within CM design characteristics and the
establishment of & preliminsry range safety model for ETR launch. An example
of & system feature which could not be considered, since mission analysis and
definition in depth was necessary, is the spacecraft configuration for the
several missions , from the point of view of weight, location, and usage of all
of the mission expendebles.
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2.0 SUMMARY

The performance capabilities of the Saturn launch vehicles have been
evaluated for AES mission planning purposes. Reference trajectories were

selected for representative missions and are included in this report.

A summary of the net payload capabilities for the Saturn IB launch
vehicle is given in Table 2-1. A payload capability summary for the Saturn
V Earth Orbital Mission is given in Table 2-2, The net or discretionary
payload is defined herein as the total weight on orbit less the jettison weight
of the spent S-IVB stage used for final injection less crew/mission expendables
less CSM deboost requirements, In some cases the first burn of the Service
Module established the mission orbit. For these cases the net payload refers
to the difference between SM burnout weight capability and the sum of crew

expendable and deboost requirements,
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Launch Orbit Gross CSM
Azimuth  Inclination Weight @) Net
Flight Mode (Deg) (Deg) on Orbit ~ Payload
Direct ascent, injection by the 90 28.5 26,050 -
S-1IVB
Hohmann transfer from an 80 n mi 90 28.5 33,185 5, 595
parking orbit, Transfer maneuver
provided by two impulsive burns of
the CSM
Hohmann transfer from an 80 n mi Ly 50.3 30,930 3, 340
parking orbit. Transfer maneuver
provided by two impulsive burns of
the CSM
Direct ascent, un-manned payload 90 28.5 N.A, 26, 723
b
Hohmann transfer from an 80 n mi 182 ~ 90 25,419 -
parking orbit., Transfer maneuver
provided by two impulsive burns of
the CSM A
&)
Hohmann transfer from an 80 n mi 189.L4 96.5 2k, 568 -
parking orbit. Transfer maneuver
provided by two impulsive burns of
the CSM
3
A |
Suborbital start of CSM, Hohmann 182?90 28, 25 835
transfer from an 80 n mi perigee.
CSM restarts for apogee injection.
e )
Suborbital start of CSM, Hohmann 146 90 2k, 375 -
transfer from an 80 n mi parking
orbit, CSM restarts for apogee
injection. Yaw program of one
deg/sec between 110 and 13k4 and
between 146 and 164,1 sec provides
the polar inclination
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. ¢ N . 2N .. I rs I X . 'l:f kY
A) clodes $Bo (el f o[ lediea sy
A £ L R S T S oY Yo
3 zsf', /¢ f’t‘ ot / s ""s" ) “ i ‘ ' Y
¢ v ) a oA
z ?.~?f€ ay < d*ff ;ﬁn“f%w I *M.Lxﬂ Lo
. ‘

This document contains information offecting the natj
18, U.S.C., Section 793 and 794, the transmission

of the United Stotes within the [}
gghich in any manner to an unavthorized person is prohibited by law.

TIAL

ing of the

??{-) :b'u\"’ 1"6"" 4 /#‘{’({". é:ﬂ‘f {5{‘{( ? \_Q i.&tt-\t&’[
v bats Ld ppr s /(c[fb‘! s 4? S /’f’/j/f

Eani

ge Laws, Title




10.

4226-6010-RCO00
Page 4

Table 2-2, Saturn V Performence Summary (Specified L5-day missions)
for 200 1..mi ard Syrnchronous Altitudes

Flight Mode
Direct ascent

Direct ascent

¢

Direct ascent
Direct ascent

Direct ascent, yaw program of
one deg/sec from 392 to 480.3 sec.

Direct ascent, yaw program of one
deg/sec from 163 to 250.1 sec
(S-IVB stage was removed)

Direct ascent, yaw program of one
deg/sec from 120 to 150 and between
159 and 172.L4 sec, S-IC cutoff L sec
early

Direct ascent, yaw program of one
deg/sec from 120 to 150 and between
159 and 181.9, S-IC cutoff k4 sec
early

Synchronous orbit, first S-IVB
burn establishes a transfer orbit
to synchronous altitude. The
remaining S-IVB propellant is
consumed at apogee and establishes
an intermediate orbit for trans-
position and docking, At the next
apogee CSM ignites to circularize
orbit saving enough propellant for
deboost to Apollo landing site

Synchronous orbit, first S-IVB burn
establishes a 100 n mi parking orbit

“for coast to the equator. There it

restarts to provide transfer ellipse
and a two-deg plane change. The thi

burn, at apogee, establishes an inter-

mediate orbit for transposition and

docking., Fully loaded CSM ignites at

the next apogee finishing the plane
change and circularizing the orbit.
Deboost is to an equatorial landing

a) 4)
Launch Orbit Gross CSM .4 v
Azimuth Inclination Weight Net
(Deg) (Deg) on Orbit Payload
90 28.5 232,955 205, 365
L 50.3 222,650 195, 060
11k 36.4 229,670 202,080
146 59.k 217,120 189, 530
Lk 90 49,940 22, 350
114 90 86,628 59,038
&)
16 7 90 157,380 129,790
16 © 96.5 145,253 117,663
90 28.5 69, 689 27,929
90 0 61,334 19, 57k
rd
site,
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3.0 VEHICLE CHARACTERISTICS

The launch vehicle and CS5M characteristics used for performence

analyses and trajectory simulation are given in this section.

Service Module propulsion was applied impulsively, the single exception
being the Saturn IB earth polar mission in which the Service Module propulsion
was utilized in a sub-orbital start. It was assumed in this case that the :
payload would be contained within the SM and would be deboosted from orbit f
with the CSM.

3.1 Launch Vehicles

3.1.1 Saturn IB

The Saturn IB configurestion data are summarized in Tables 3-1 and 3-2.
The S-IVB jettison weight breakdown is given in Table 3-3.for both Saturn IB

and Saturn V application.. The data were obtained from Reference 1.

3.1.2 Saturn V

Table 3.4 lists the Saturn Vdata used. The axial force coefficient
(from Reference 2), given as a function of Mach Number in Figure 3-1, was
used on all Saturn V configurations. The data were obtained from Reference 3.

3.2 Spacecraft

The Block II Apollo spacecraft characteristics are given in Table 3-5.

~ Control weights as specified in Reference U were used.
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Table 3-3. S5-IVB Jettison Weight

A. TFor Saturn IB Application

Dry Weight at Injection 23,586 LB

Residuals and Reserve 1,949

Flight Performance Reserve 1,500

Instrumentation Unit 4,150

LEM Adapter _3,800
Jettison Weight 34,985 LB

B. TFor Saturn V Application

Dry Weight at Injection 27,400 LB

Residuals and Reserve 2,305

Flight Performance Reserve 2,884

Instrumentation Unit 4,150

LEM Adspter _3,800
Jettison Weight 40,539 LB
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Table 3-5. Block II Spacecraft Definition

Command Module Weight
(with crew)

Service Modp.le
Injected Inert Weight
Propellant Tank Capacity
Isp
Thrust

LEM Descent Stage
Propellant Tank Capacity

Isp

. Thrust (Max)
LEM Ascent Stage
Propellant Tank Capacity
I

SP
Thrust

This document contains information uffecﬁng the nationoal t:lefeme of
18, U.S.C., Section 793 and 794, the transmission or revelation of which i
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11,000 Lbs

10,200 Lbs
41,000 Lbs
313 Sec

21,800 Lbs

15,920 Lbs
302 Sec

10,500 Lbs

4,920 Lbs
303 Sec

3,500 Lbs
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4,0 GROUND RULES AND CONSTRAINTS

Some of the more pertinent ground rules and constraints used to conduct
the performence calculations are given below.

Since very significant payload penslties were involved, preliminsry
investigations were conducted to delineate a range sefety model to constrain the
AES trajectories. Normal operationel procedure is for the Contractor requesting
a Range Safety Welver to prepare a Hazard Report. This is a detailed report
containing the nominel proposed trajectory with the probable dispersed trajectories
resulting from off-nominel wvehicle performasnce, probable failure modes, and
probabilities of land impact and population kill. After a review by Range Safety
with the importance of the mission weighted ageinst the relative danger, the use
of the range will be granted or denied. For the preliminery trajectory investi-
gations of this study, the model below was considered reasonable and practical
and commensurate with the scope of the study.

a) Range Safety Model
-r
1) An overflight of the Continental United States or Canada is not
pe&missible at suborbital speeds. This is defined as requiring
that the three-sigma right or left deviating trajectory to be
a minimum of 25 miles from the affected coast 'line.

2) All planned stege impact points shall be in the ocean area.
The determination of such planned impact points involves an
assessment of the impact dispersion ellipse. No land shall be
within 25 miles of the ellipse.
b) Launch will be from Cape Kennedy

c¢) Launch vehicle and CSM characteristics are es summerized in
Section 3.0. ‘ '

d) All missions are manned (rendezvous vehicle msy not be).
1) - External spacecraft configurations are similar to that of Apollo.

2) Deboost from orbit must be compatible with CM re-entry design
conditions.

3) Recoveries are generally planned for either of the two Apollo
impact aress.

NTIAL
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The trajectories are to be shaped for near maximum payload within
the established range restrictions. When payloads exceed the
110,000 pound stack limit of S-IVB, alternate flight modes will
be offered abiding by the stack limit.

The upper limit on booster turning rates is one degree per second.

For performance contingencies of the Service Module, an additional
ten percent is to be provided with each velocity increment plus a
100 fps increment for a return midcourse maneuver.

The CSM/LFM docking maneuver is to be alloted a time of twenty
minutes. 4

Eaperivg
Although the SJIVB propellant-buwrn-history will be different than
that of Apollo, it will be assumed that its propellant pressuriza-

tion subsystem will be modified to permit two or three burns.vucz L a.
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5.0 MISSION PROFILES

The results of this study are given in this section. Performance,
reference trajectory, vehicle and propulsive history, and ground track date
are shown for the various AES earth orbital, lunar orbital and lunar
exploration missions. Since the intent of the study wes to optimize per-
formance for the several missions, particularly the earth orbital missions, a
variety of vehicle ascent and spacecraft injection techniques were investigated,
utilizing Hohmenn trensfer from low earth orbit and Service Module propulsion,
as applicable.

Table 5-1 indicates the Saturn IB low altitude earth orbit mission cases
for which performance and trajectory data were calculated. Note that several
of the cases involve a suborbital start of the Service Module. Such a start
implies thet the net discretionary payload (payloed available for the mission
experiments) cannot be carried within the LEM adapter, inside of a LEM
or otherwise, but must be contained within the CSM. The intent of the 182°
azimuth launches is to place a performance outer bound on the vehicle capa-
bilities to accommodate varietions in the maximum launch azimuth permitted by
range safety constraints.

Table 5-2 indicates the Saturn V low earth and synchronous altitude
orbit mission cases for which performance and trajectory data were derived.
The lunar orbitel and exploration missions have been previously reported in
references (5) and (6). The particular emphasis of the studies reported in
these references were on the generation of lunar orbital and translunar and
transearth injection techniques which maximized the lunar accessibility for
the several mission objectives.

Synchronous orbit studies also included descent and deboost alternatives
10 equatorial and off-equatorial (Apollo landing areas) landings involving
LEM stage propulsion. These cases are discussed in Section 5.2. Table 5-3
indicates the missions and cases for which reference trajectories were derived.
Lunar missions are also included, launch dates and pertinent lunar orbital
and surface obJectives being arbitrarily stipulated.
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Circular
Orbit Orbit
Inclination Altitude
Flight Profile (Deg) (n.mi.)
1. Direct ascent, initial lsunch szimuth = 72°, 32.6 105
no CSM burn (computed for configuration
similation comparison)
2. Direct ascent, azimuth = 90° (Hohmenn transfer 28.5 80
to 200 n.mi. with two impulsive burns of the CSM)
3. Direct ascent, azimuth = 182° (Hohmann transfer 90 80
t0 200 n.mi. with two impulsive burns of the CSM)
4. Direct ascent, azimuth = 189%L 96.5 80
5. Direct ascent, azimuth = 182° 90 100
6. Direct ascent, azimuth =182° 90 200
7. Hohmann trangfer from 80 n.mi. perigee, 28.5 200
azimuth = 90°, perigee overspeed provided
by 8-IVB, injection at apogee by CSM
8. Same as case 7 but azimuth = 182° 90 200
9. Direct ascent, azimuth = lh6°, yaw program 90 80
of one deg/sec initiated at S~-IVB ignition
(Hohmann trensfer to 200 n.mi. with two
impulsive burns of the CSM)
10. Same as case 9 but yaws for a longer duration 96.5 80
11. Hohmagn transfer from 80 n.mi. perigee, azimuth 90 200
= 146~, CSM burned as a third stage (no docking
maneuver). CSM restarts for injection at apogee.
Yaw program during S-IB and S-IVB operation.
12, Same as case 11 but S-IVB propellant was 90 200
offloaded for maximum pseyload.
13. Hohmann transfer from 80 n.mi. perigee, azimuth = 90 200

182°, CSM burned as a third stage (no docking
maneuver). CSM restarts for injection at apogee.
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Table 5-1. Saturn IB Missions (cont'd)
Circular
Orbvit Orbit
Inclination Altitude
Flight Profile (Deg) (n.mi.)
14, Same as case 13 but S-IVB propellant was 90 200
offloaded for maximum peyload
15. Unmenned Satugn IB, direct ascent, 90 200
azimuth = 182
16. Seame as 15 but azimuth = 90° 28.5 200
17. Unmenned Saturn IB, direct ascent, 28.5 80
azimuth = 90
This document contains information affecting the national defense of pited States within the ing of the Espi Laws, Titie
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Circular
Orbit Orbit
Inclination Altitude
Flight Profile (Deg) (n.mi,)
1. Direct ascent, initial launch azimuth = 28.5 200
90", single burn of S-IVB
2. Same as case 1 but azimuth = 44° 50.2 200
3. Direct ascent, azimuth = 44°, yaw (north) 90 200
program of 1 deg/sec initiated 392 sec
from launch
4, Same as case 1 but azimuth = 11k 36.4 200
5. Direct ascent, azimuth = 114, yaw (south) 90 200
program initiated 400 sec from launch
(spent S-II impacts in South America)
6. Direct ascent, azimuth = 146, yaw program 90 200
initiated at S-II start (Jjettisoned LES
impacts in Cuba)
7. Same as 6 but LES impact adjusted for open 90 200
water impact by early S-IVB cutoff
8. Direct ascent, azimuth = 146, yaw program 96.5 200(sun
initiated at S-II start (Jettisoned LES synchronous )
impacts in Cuba)
9. Same as 8 but LES impact adjusted for open 96.5 200
water impact by early S-IVB cutoff
10. Same as case 7 but payload constrained to 90 200
S-1IVB stack limit of 110,000 1b
11. Same as case 9 but payload constrained to 96.5 200
S-IVB stack limit of 110,000 1b
12. Direct ascent, azimuth = lh6°, no yaw 200
The following cases were for a two-stage
arrangement with the S-IVB removed.
13. Direct ascent, azimuth = 114°, no yaw 36.4 200

nited States within the meaning of the Espnonngo Laws, Title

v"ﬁ;‘ My manner to an unauthorized person is prohibited by law.




Table 5-2. Saturn V Earth Orbital Missions (cont'd)
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Circular
Orbit Orbit
Inclination Altitude
Flight Profile (Deg) (n.mi.)
14, Same as case 13 but yaw (south) program 90 200
initiated at S-II start
15. Same as case 1% but azimuth = 146° 90 200
16, Same as case 13 but yawed for longer duration 96.5 200
17. Same as case 15 but yawed for long duration 96.5 200
The following cases were for the purpose of
determining the synchronous orbit payload
capabilities. All launches were due east
from ETR.
18. Three-burn S-IVB, first to establish a 28.5 19,329
100 n.mi. parking orbit, restart at equator
for perigee overspeed and third bura for
injection at apogee. CSM was offload to the
propellant required for deboost.
19. Same as case 18 except CSM was fully 28.5 19,329
loaded. The third S-IVB burn (at apogee)
an intermediate elliptical parking orbit
is established for transposition and dock-
ing. At the next apogee CSM starte and
accelerates to circular velocity saving
enough propellant for deboost.
20. Same as case 18 except orbit is turned 0 19,329
equatorial during third S-IVB operation
2l. Same as case 19 except orbit is turned 0 19,329
equatorial during S-IVB and CSM operation
22. Single-burn S-IVB, S-I1 injects offloaded ¢ ig,323
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S.IVB onto 100 n.mi. parking orbit. S-IVB
starts at equator and changes orbit plane
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overspeed. Fully loaded CSM ignites at
apogee and turns the orbit plane equatorial
and circularizes orbit. (Payload capability
was marginal).
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Table 5-2. Saturn V Earth Orbital Missions (cont'd)

Circular
Orbit Orbit
Inclination Altitude
Flight Profile (Deg) (nmi.)

Two-burn S5-IVB, S-II injects offloaded S-IVB 28.5 19,329
onto 100 n.mi. parking orbit. S-IVB starts at

equator and establishes perigee. S.IVB restarts

at apogee for circularization. CSM is offloaded to

the deboost requirement.

Two-burn S-1VB, S-II injects offloaded S-1IVB 0o 19,329
onto 100 n.mi. parking orbit. S-IVB starts at

equator and changes orbit plane 2 deg and

establishes perigee. 8S-IVB restarts at apogee

and provides an intermediate parking orbit for

docking. At a subsequent node fully loaded

CSM ignites, finishes the plane change and

circularization saving enough propellant for

deboost.

Three~burn S-IVB, first to establish parking 0] 19, 329
orbit, restart at equator changing the orbit

plane 2 deg and providing perigee overspeed,

restart at apogee establishing intermediate

parking orbit. Fully loaded CSM ignites at the

next apogee finishing the orbit but saving

enough propellant for deboost.

Seame as 25 but no plane change. 28.5 19,329
Same as 25 except all CSM propellant is 0 19,329
consumed during spogee maneuver. Debcost was

provided by an offloaded LEM descent stage.

Same as 27 but no plane change. 28.5 19,329
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Table 5-3. AES Reference Trajectories
Saturn IB reference trajectories; 200 n.mi. circular orbit by
Hohmenn Tmnsfer (perigee = 80 n.mi., i = 28.5 deg)
Descent from 200 n.mi. orbit; i = 28.5 deg.

Saturn IB reference trajectories; 200 n.mi. circular orbit
by Hohmann Transfer (perigee = 80 n.mi., i = 50.3 deg)

Descent from 200 n.mi. orbit; i = 50.3 deg

Saturn IB reference tr jectories; 200 n.mi. circular orbit
by Hohmann Transfer (perigee = 80 n.mi., i = 90 deg)

Descent from 200 n.mi. orbit; i = 90 deg

Saturn IB reference trajectories; 200 n.mi. circular orbit
by Hohmenn Transfer (perigee = 80 n.mi., i = 96.5 deg)

Descent from 200 n.mi. orbit; i = 96.5 deg

Saturn V reference trajectories, low-earth orbits (200 n.mi.
circular, i = 28.5 deg)

Saturn V reference trajectories, low-earth orbits (200 n.mi.
circular, i = 90 deg)

Saturn V reference trajectories, low-earth orbits (200 n.mi.
circular, i = 90 deg, S~IVB stack limit)

Saturn V reference trajectories, low-earth orbits (200 n.mi.
circular, 1 = 96.5 deg)

Saturn V reference trajectories, low-earth orbits (200 n.mi.
circular, i = 96.5 deg, S-IVB stack limit)

Saturn V reference trajectories, synchronous orbits (i = 28.5 deg)
Descent from synchronous orbit; i = 28.5 deg

Saturn V reference trajectories, synchronous orbits (i = O deg)
Descent (on equator) from synchronous orbit; i = O deg

Saturn V lunar exploration mission, translunar trajectory

Saturn V lunar exploration on mission, unmanned LEM
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Table 5-3. AES Reference Trajectories (cont'd)

Saturn V lunar exploration mission, manned LEM
Transearth free~-flight; 109.17 hours
Scientific survey, 28-day lunar orbit

Saturn IB (suborbital start of Service Module) reference trajectories;
200 n.mi. orbit by Hohmann transfer, yaw program during boost (i = 90)
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In general, integrated trajectories were computed for the ascent phases
into parking orbit and the descent phase from final orbit to an earth altitude
of 400,000 feet. Intermediate maneuvers were computed on an impulsive
veloclty bases. Nominal landing points were calculated without considerations
of the aerodynamics of the entry body.

5.1 Low Altitude Earth Orbits

The data herein includes performance and trajectory calculations for both
Saturn V and Saturn IB booster vehicles and for low inclinations and high
inclinations at altitudes to 200 n.mi.

5.1.1 Low Inclination Orbits

5.1.1.1 Saturn IB Launch Vehicle

The direct ascent burnout weight capability of the Saturn IB into a
200 n.mi. circular orbit launched due east from ETR (280.5 orbital inclination)
is 61,050 pounds. The jettison weight of the S-IVB as given in Table 3-3
is 34,985 pounds including the 3800 pound LEM adapter. After jettisoning the
S-IVB and performing the transposition and docking maneuver the total weight
remaining is 26,065 pounds. To determine the weight that might be available
for experiments, the crew expendables for a 45-day mission and the CSM weight
required for descent was computed and compared with the total payload
(26,065). Table 5-k4 gives an estimate of the additional crew/mission
expendables required for a U45-day mission. The CSM weight required for de-
boost from & 200 n.mi. circular orbit is 22,280 pounds. The breakdown of this weight
is given in Table 5-5. Thus, the weight required for this particular 45-day
mission is 27,590 pounds (22,280 + 5,310). This is greater than the
capability of the launch vehicle, and thus a direct ascent mission of
this nature is not possible.

To increase the mission performance the ascent trajectory was varied such
that burnout of the S-IVB established an 80 n.mi. parking orbit. After docking
the CSM is used to provide an 80 by 200 n.mi. Hohmenn transfer orbit and
utilized a second time at apogee to accelerate the spacecraft to circular
velocity. The total weight achievable in final orbit by this mode is 33,185
pounds. The weight required for a U5-day mission and @eboost is the same

as the previous case or 27,590 pounds. The difference between these two
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TABLE 5-5, CSM WEIGHT REQUIRED FOR DEBOOST FROM
200 N.MI. CIRCULAR ORBIT

ITEM WEIGHT
Command Module 11,000 1b
Service Module 10,200

Propellant for 100 fps
midcourse maneuver 2.0

*
Propellant for 395 fps
deboost impulse ’ 870

Total 22,280 1b

L

*Deboost assumed 359 fps to be taken from
circular velocity to reduce perigee altitude
to the earth's surface and then increased by
10 percent for performance contingencies.
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weights, then, represents the discretionary payload of 5,595 pounds. A
typical sequence of events is given for this flight profile in Table 5-6.
Table 5-T7 presents the time history of a descent profile from this orbit for

irpact in the Samoan impact ares.

By a similar technique but with an initial flight azimuth of 44 degrees
from true north an orbital inclination of 50.3 degrees is realized. The
discretionary payload is then reduced to 3340 pounds. The mission profile is
given in Table 5-8 and the descent profile in Table 5-9.

The performance capability of an unmanned Saturn IB was determined for
a direct ascent flight to a 200 n.mi. circular orbit assuming a due east
launch. It was further assumed that in lieu of the CSM, the payload would be
covered with a 530 pound shroud. The payload shroud was injected into orbit
(as a reliability measure and since relatively little payload would otherwise
be gained). The total weight on orbit, including the S-IVB was 62,238 pounds.
For sn S-IVB stage jettison weight of 35,515 pounds, which allows the paylosd
to be placed inside the LEM adapter and covered by 530-pound shroud, the net
payload is 26,723 pounds. The flight profile for this mission is given in
Table 5-10.

5.1.1.2 Saturn V Launch Vehicle

The direct ascent burnout weight capability of the Saturn V launch
vehicle is 273,495 pounds for a due east launch. This exceeds the current
110,000 pounds stack weight limit of the S-IVB in the Apollo application.

The S-IVB jettison weight is 40,539 pounds including the LEM adapter and
flight performance reserve. A breakdown of this weight is given in Table 3-3.
The CSM weight required for the hs-day mission and for deboost will be the
same as for the Saturn IB, i.e., 27,590 pounds. The net payload is therefore
205,366 pounds if the S-IVB stage stack limitation is disregarded. The-
flight profile is given in Table 5-1ii.
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5.1.2 Polar Orbits

The data herein is derived for both launch vehicles and for both true polar
and 96°.5 inclination (sun synchronous at 200 n. mile altitude) orbits.

Ground traces for each descent trajectory are given in Figure 5-1.
Initiation of deboost was timed to provide impact in either of the Apollo impact

areas.

5.1.2.1 Saturn IB Launch Vehicle

To establiéh the maximum payload boundary for the Saturn IB, a trajectory
for a polar orbit was computed with a launch azimuth of 182 degrees. Using the
CSM to transfer from an 80 n.mi. parking orbit to 200 n.mi. circular orbits
results in an injected weight of 25,419 pounds which is less than the L5-day
mission requirement of 27,590 pounds. Since this performance was less than that
desired for the mission, further performance calculations were abandoned for this
Saturn IB configuration. For reference purposes, this profile is given in
Table 5-12. Table 5-13 gives a time history of a descent trajectory from a 200
n.mi. polar orbit with impact in the Apollo landing area.

Reference trajectories for the sun-synchronous orbits were derived in a
similar manner, i.e., the vehicles were launched at the azimuth which gives the
proper inclination at burnout. After transfer to 200 n.mi., the injected weight
is 24,568 pounds. Table 5-14 gives the sequence of events for the sun synchronous
mission and the descent profile time history is given in Table 5-15,

To effect the required increase in performance, Service Module propulsion
was utilized in a suborbital start. This results in a three-stage launch vehicle
but necessitates removing the payload from the LEM lab contained within the LEM

adapter section. The payload was considered to be contained within the Service

This document contains information affegg the national defense
18, U.S.C., Section 793 and 794, the transmission or revelation of w

sed States within the i of the Espi ge Laws, Title
. manner to an unouthorized person is prohibited by law.
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Module and to be deboosted from orbit with the CSM. The Service Module propellant
was accordingly increased to provide the deboost velocity for the added weight.

Launch azimuths of 146 degrees and 182 degrees were assumed, the latter to
again establish an outer bound on payload capability. The azimuth of 146 degrees
is the most southerly that is probable from ETR (Section 5.1.2.2) and therefore
must be combined with a yaw program to attain the proper velocity vector. The
preliminary range safety criteria were satisfied in the sense that the nominal
stage impact points are in the open ocean area.

Propellant in the S-IVB stage was offloaded and the Service Module loaded
to capacity. It was found that offloading the S-IVB by about 40,890 pounds maximized
payload. However, a complete propellant distribution study among all three stages
was not conducted. It is felt that by doing so some improvement in performance
might be realized. Also, payload might be increased through a detailed tra-
jectory shaping optimization.

The sequence of trajectory events is summarized in Table 5-16 for the
Saturn IB (three-stage arrangement) launched at the 146 degree azimuth. A
coast period of 5.4 seconds was allowed between S-IVB and Service Module operation.

The yaw program which provides the polar inclination is given in the footnotes

of Table 5-16.

5.1.2.2 Saturn V Launch Vehicle

The payload capabilities of the Saturn V launch vehicle have been computed
for 200 n.mi, circular orbits for the various orbital inclinations associated with
the ETR launch vacilities. With the Range Safety model given in Section 4.0,
inclinations between 28.5 and 50.3 degrees are obtainable by selection of the

proper initial flight azimuths. Inclinations greater than 50.3 degrees require a
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yaw program during the boost phases. This section presents the results of the
study involving the most practical trajectories by which orbits of high inclination
can be obtained.

A steering program during the boost phases is necessary to yaw the velocity
vector to the desired direction. When a yaw program is to be incorporated, two
objectives are sought in order to enhance the payload capability. First is to
minimize the angle through which the velocity vector is turned and secondly, to
achieve this change while the velocity magnitude is small. Range Safety factors
determine the minimum turn angle by restricting launch azimuth and usually a
combination of Range Safety factors and the booster's structural integrity delays
the initiation of the yaw maneuver.

Orbits with initial flight azimuths of A4, 114, and 146 degrees were
investigated. Each corridor was investigated to the extent required to determine
its potentiality or practicality. For the azimuth providing the most promising
trajectory, dispersion ellipses of the stage impact points were determined along
with the performance penalties associated with placing them off land masses in
conformity to the Range Safety Model. The trace of instantaneous impact points
(IIP) of a Saturn V trajectory when launched at an azimuth of 4L degrees skirts
the eastern coast of the U. S. and is midway thru S-II operation before a yaw
program can be initiated to turn into a polar inclination. This forces the IIP
trace around Newfoundland and Labrador in compliance with the Range Safety Model.
The payload decrement associated with the yaw maneuver is large. In the case
cited, the total weight in a 200 n.mi. polar orbit is 90,480 pounds. The yaw
program of 1 deg/sec (with reference to vehicle attitude) is from 392 seconds from

liftoff to 480.3 seconds. Without a yaw program, the corresponding weight is

QENTIAL
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263,190 pounds and the resulting inclination is 50.3 degrees. Certain increases
in payload could be expected from a more detailed study but greater gains were
felt available at other azimuths.

The orbit inclinations resulting from a launch azimuth within the azimuth
sector (4L4° to 114°) will vary from about 28.5° to 50.3°. More southerly azimuths
than 114° are considered impractical because of jettisoned masses impacting on
land with the exception of a corridor along an azimuth of 146 degrees.
Trajectories along both these paths were investigated.

For an azimuth of 114 degrees yaw initiation is delayed until after S-11
ignition, or perhaps a few seconds longer. The trace of 1IP gradually turns
south. The impact of the S-II stage is well into South America, meking the
trajectory unacceptable. By removing the S-IVB stage (and relocating the IU)
and using the same flight sequence an acceptable trajectory is realized since the
S-II stage is injected into orbit. The total weight into a polar orbit is then
187,208 pounds of which 100,580 pounds is the spent S-II.

Figure 5-2 is a map of Southern Florida and the Caribbean and shows the
corridor accessible with a launch azimuth of 146 degrees and a yaw program. The
corridor is attractive because it offers the best compromise relative to both
factors, discussed earlier, which minimize the performance penalties. The
advantages are somewhat lessened due to the necessity of preventing the LES
dispersion ellipse from impacting in Cuba. This was accomplished by a A-second
early shutdown of the S-IC stage. The net effect, however, is the trajectory

which provides the maximum payload weight in a polar orbit.
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Traces are also shown in the figure for the polar and sun synchronous
trajectories in accordance with the S-IVB stack limit. The dispersion ellipses
are illustrated for S-IC and LES inpact.

Figure 5-3 is a map covering the area to the south and includes the impact
dispersion ellipses of the spent S-IT for the two inclinations. The stack limit
trajectories are not shown. Instead, the two stage Saturn V launched at 114
deg and steered polar is shown. Since inpact of the S-IC and LES occur in the
normal.impact area for boosters, the impact dispersions were not evaluated.

The range increments are shown in Figure 5-4 for the impact point dispersion
analysis. Included in the figure are the perturbations which contributed to
dispersions. The polar orbit trajectory was simulated (open-loop) and perturbed
per these conditions.

The polar orbit mission profile is given in Table 5-17 and the mission
profile for the sun synchronous orbit in Table 5-~18.

Alternate profiles are offered in Tables 5-19 and 5-20 for the same two
missions and correspond to a S5-IVB stack weight 1limit of 110,000 pounds. The
lighter upper body weight required the S-IC shutdown to be 8 seconds earlier
than nominal to prevent LES impact on Cuba. This does not represent a performance
penalty in this case since S-IVB shutdown occurs with many pounds of unconsumed

propellant.
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5.2 Earth Synchronous Orbits

5.2.1 Inclined

The synchronous orbit payload capabilities of the Saturn V launch vehicle have
been evaluated for several ascent modes. All launches were due east from EIR,
resulting in an orbital inclination of 28,°5.

A coast period of 20 minutes is allotted between S-IVB and Service Module
operation to simulate the transposition and docking maneuver. In some cases,
such as when the S-IVB is burned at apogee, this necessitates waiting a full
period and then igniting the SM. While this imposes no performance penalties,
other systems considerations may be involved.

The portion of the Service Module propellant usable during the ascent
phase will be determined largely by the deboost requirements. The deboost velocity
requirement is about 4870 fps for an equatorial landing and is increased by 10
percent for performance contingencies and another 100 fps for a midcourse
maneuver. Assuming the payload is left in orbit the following CSM weight break-

down will be required for deboost.

Command Module 11,000 1b PR
e

Service Module 10,200 b

Propellant 15,250 g

Initial Deboost 36,450 1b

This deboost maneuver results in a re-entry flight path angle of -6.4

degrees at an altitude of 400,000 feet.
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The flight mode which offers the best payload is given in Table 5-21.
First burn of the S-IVB establishes the transfer orbit to the altitude of the
2L~hour orbit. DNear apogee, the S-IVB re-ignites and burns the remainder of its
propellant, i.e., down to but not including the flight performance reserve.
After the docking maneuver, the CSM has coasted past apogee into a region where an
attempt to circularize is inefficient. A waiting period, until the CSM is near
apogee again, is necessary. The period of this waiting orbit is 13.65 hours and
a perigee results of about 5106 n.mi. Apogee is still at synchronous orbit
altitude. At apogee, the CSM ignites accelerating the payload to circular velocity
The total weight in the synchronous orbit is 69,689 pounds. Of this weight
36,450 is required for deboost and 5,310 pounds for crew/45 day mission
subsistence. The remainder, 27,929 pounds, represents net payload.

The possibility of increasing net payload by using LEM descent stage or
ascent stage propulsion was considered.

The utilization of the LEM descent stage to accomplish the synchronous
orbit jnvolves either its use for orbit circularization or in implementing the
deboost process. It can be shown that the former results in no appreciable net
payload gain. The latter would involve jettisoning the service Module in orbit
(the full systems implications of this action must be investigated); however,
the experiment payload and the LEM Lub must be deboosted in a practical configuration.

This action would then result in the following deboost stage breakdown.

Command Module 11,000 1b
Descent Stage 3,500 1b
LEM Lab & Experiments 16,600 1lbs

Propellant (Descent Stage) 23,080 lbs

54,180 1bs
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Thus, this method yilelds not only a substantial payload reduction but also
requires descent stage propulsion beyond the available tankage. If by some
means the experiment payload could be jettisoned prior to deboost, then the
method would result in a net payload gain of approximately 10,000 pounds and
propulsion requirements within tankage size.

The utilization of LEM ascent stage propulsion (LEM LAB is provided with
a propulsive -capability) . involves the same considerations as above.
If such propulsion were used for deboost and the experiment payload could be
jettisoned prior to deboost together with the Service Module, then a net payload
gain of approximately 9000 pounds would result. However, propulsion requirements
(11,700 pounds) would greatly exceed ascent stage tankage.

The trajectory of a descent profile from an inclined synchronous orbit is

given in Table 5-22.
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5.2.2 EQuatorial

The equatorial synchronous orbit capabilities of the Saturn V were
evaluated for several ascent modes including both 2 and 3 S-IVB burn
periods. Again, a due east launch was assumed from ETR. A description of
some of the more significant flight modes considered is given here along
with a mission profile of the maximum payload configuration.

The performance of an arrangement with the constraint that the S-IVB
be burned only. once was computed. In this capacity, the S-I1 injects an
offloaded S-IVB onto a low altitude parking orbit. The altitude of the
parking orbit for this and all 6ther cases was 100 n.mi. The offloaded
S8-1IVB coasts to the first equatorial crossing and begins its burning phase.
If the S-IVB accelerates to the perigee conditions required for apogee to
be at synchronous altitude, the Service Module must provide the remaining
impulse to circularize the orbit and change the plane by 28.5 degrees.

This requires more SM propellant than is available. If, however, the S-IVB
expends some of its excess capability and provides a portion of the plane
change at perigee the velocity required at apogee is reduced as well as the
payload and to the point where the Service Module can perform the maneuver.
In this case a plane change of about 18 degrees is mede at perigee and

the remainder at apogee. The burnout weight is 31,870 pounds which is

less than the CSM weight requirement for debcost. A payload of about

5300 pounds is possible if the LEM Descent Stage is used for deboost.

This, however, is barely enough for the 45-day mission. Thus, the net

payload, if any, is marginal.

For a two-burn 8-IVB, the S-II stage again injects an offloaded S-IVB
onto & 100 n.mi. parking orbit. The S-IVB starts at the equator establishing
the perigee conditions for the desired apogee. After coasting to apogee
which also occurs on the equator the S-IVB restarts to circularize the
orbit and simultaneously turn equatorial. The Service Modul carried only
enough propellant for deboost to an equatorial landing. The total weight
in the synchromous orbit is 82,330 pounds of which 40,540 is the spent
S-1VB. This leaves 41,790 pounds which again is just the requirement for
the U5-day stay and deboost.
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The most efficient way of arranging the two-burn S-IVB is to carry the
Service Module, fully loaded, and combine the second burn of the S-IVB (at
apogee) with the first burn of the Service Module. This gives a net payload
of 3600 pounds.

Many cases were investigated wherein the S-II1 was used to loft the
S-IVB to varying apogee altitudes. It was found that the most efficient
incorporated a low altitude parking orbit.

Considerable increases in payload are realized if a third-burn
capability is edded to the S-IVB. In such a case the first burnout of the
S-IVB establishes perigee and changes the orbit plane about two degrees. At
aspogee the S-IVB starts for its third burn and consumes the remainder of the
usable propellant. At this point a waiting orbit is necessitated by the
transposition and docking maneuver. Its period is 14.097 hours and has a
perigee altitude of 5782.6 n.mi. At the next apogee, the Service Module
ignites to finish the plane change and circularize the orbit. Total burn-
out weight is 61,334 pounds which gives a net payload of 19,573 pounds. A
summary of this mission profile is given in Table 5-23. The descent phase
for an equatorial landing site at the longitude of the Apollo impact area
is given in Table 5-2k4.

An analysis was made to evaluate the performance penalties associated
with leaving the equatorial orbit for the nominal Apollo landing sites, i.e.,
at & latitude of +20 degrees. To do this, an assessment was made of the
velocity requirements of various descent modes. All modes assumed the original
orbit to be circular, synchronous and eguatorial snd positioned (in longitude)
for descent. The flight path at 400,000 feet was -6.4 degrees. Entry body
aerodynamics were not considered.

Mode 1. AVl is applied opposite the circular velocity, Vé, vector.
No plane change and impact is on the eguator; (AVi = U870 fps;
total AV = 4870 fps).

Mode 2. AVi is applied to Vc in such a direction as to change only
the orbit inclination; AVé is applied opposite Vc at the
appropriate time for landing; (AVi = 3465 fps; AVé = 4870 fps;
total AV = 8335 fps).
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Mode 3. AVl is applied to Vc such that the resulting orbit has a
perigee of 200 n.mi. and the orbit inclinstion is changed by
20 degrees. After coasting to perigee (which also occurs on the
equator), AVé is applied opposite the velocity vector to provide
circular velocity at that altitude. AV3 is applied opposite Vc
at the appropriate time for landing; (AVl = 5422 fps;
AV, = 7900 fps; AV3 = 357 fps; total AV = 13,679 fps).

Mode L. AVl is applied opposite Vc as in Mode 1. After coasting to
a point 90 degrees from perigee (true anomaly), the orbit
inclination can be changed by applying AV2 to the velocity
vector in the proper direction; (AVi = 4870 fps; AV2 = 8400 fps;
total AV = 13,270 fps).

Thus, the descent from an equatorial synchrnous orbit to
a 20 degree latitude is a serious constraint with all sorts of system implications.
If the technique of Mode 2 and SM propulsion only are used, the net payload is
reduced from 19,57k pounds to 2,800 pounds, and SM propulsion requirements
increase from 38,300 to 55,000 pounds. Additional tankage is then required,
decreasing net payload still further. On the other hand, Mode 2, SM propulsion
and LEM propulsion may be used and while easing the above problem
somevwhat off-equatorial landings still represent sizable decreases in payload. I
should be emphasized that although command module lifting re-entry will mitigate
these problems, synchrornus equatorial orbit perfourmance under the proviso of
Apollc site landing roquires careful detail analysis vith accual ead practical

spacecraft eoniis zuoional dala as inputs.
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5.3 Lunar Orbital Missions

A set of lunar orbit photographic survey studies were reported in References .5,0.
The primary purpose of these studies were to establish a set of orbital techniques
which would best satisfy the mission objectives. Both low inclination and lunar
polar orbits were involved. The required orbital techniques will not be repeated
here; however, the vehicle weight histories for various configurations and flight
times are indicated in Tables 5-25 to 5-27. It is to be noted that the
accomplishment of the 7 day total transit Scientific Survey mission (1lunar polar
orbit) by SM propulsion only involves propulsion requirements exceeding the
available tankage. Table 5-28 indicates the mission profile for the data of

configuration 1, Table 5-2T7.

Biiaited States within the ing of the Espi g Laws, Title
manner to an unauthorized person is prohibited by law.
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Configuration 1 = Camera Module Jettisoned Prior to Return Injection
Configuration 2 - Camera Module Jettisoned Prior to Return Midcourse

Correction

Both Configursations - SM Propulsion only

Item

Gross Injected Weight

Less Adapter

Net Injected Weight

Less

Trans-Lunar Midcourse Correction

Propellant

Vehicle at

End Midcourse Correction

Less

Vehicle in

Deboost Propellant

Lunar Orbit

Less
Less

Vehicle at

Orbital Maneuver Propellant
Camera Module

Start Trans-Earth Injection

Less
Less

Vehicle in

Trans-Earth Injection Propellant
Camera Module

Trans-Earth Trajectory

Less

Return Midcourse Propellant

Vehicle Prior to SM Separation

TOTAL SM PROPELLANT

This d

18, U.5.C., Section 793 and 794, the

Weight, Lb. ,
Clonfig. 1 Config. 2
65,517 68,907
- 3:700 - 3)700
61,817 65,207
- 1,856 - 1)956
59,%1 63,251
-16,375 -17,280
43,586 45,971
- 9,285 - 9,700
- 5,000 -
29,301 36,181
- 8,000 - 9,880
- - 5,000
21,301 21,301
- 639 - 639
20!662 205662
36,155 39,545
of the Espionage Laws, Title

=)

horized person is prohibited by law.
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Table 5-26. Weight Histories, Scientific Survey Mission
(7 Day Total Transit)

Configuration 1 - Camera Module Jettisoned Prior to Return Injection

Configuration 2 - Camera Module Jettisoned Prior to Return Midcourse
Correction

Both Configurations - SM Propulsion only

Weight, Lb.
Item Config. 1 Config. 2
Gross Injected Weight 80,076 85,087
Less Adapter - 3,700 - 3,700
Net Injected Weight 11,316 81,387
Less Trans-Lunar Midcourse Correction - 2,321 - 2,441
Propellant
Vehicle at End Midcourse Correction 15,055 M
Less Deboost Propellant -20,490 -21,552
Vehicle in Lunar Orbit 5k,565 57,394
Less Orbital Maneuver Propellant -11,622 -12,225
Less Camera Module - 5,000 -
Vehicle at Start Trans-Earth Injection 37,943 45,169
Less Trans-Earth Injection Propellant -10,358 -12,331
Less Camera Module - - 5,000
Vehicle in Trans-Earth Trajectory 27,585 M
Less Return Midcourse Propellant - 827‘ - 835
Vehicle Prior to SM Separation M 27,003
TOTAL SM PROPELLANT 45,618 49,384

co

"
This document contains information affecting the wotional detense

the United Stetes within the meaning of the Espionage Laws, Title
18, U.S.C., Section 793 and 794, the 'rans;\'*ihn or revelation of whidiig any manner to an unauvthorized person is prohibited by law.

TIAL




G' 4226 6010-RCO00

Page 62
Table 5-27. Weight Histories, Scientific Survey Mission

Configuration 1 - Service Module + Command Module + Camera Module,
with Camera Module Jettisoned Prior to Trans-
Earth Injection, 9-1/2 Day Total Transit

Configuration 2 - Service Module + Command Module + Camera Module +
Modified LEM Descent Stage, with the Camera Module
and Modified LEM Descent Stage Jettisoned Prior to
Trans-Earth Injection, 7 Day Total Transit

Both SM and LEM Descent Stage Provide Propulsion

Weight, Lb.

Item Config. 1 Config. 2
Gross Injected Weight 75,704 85,302
Less Adapter - 3,700 - 3,700
Net Injected Weight 72,004 81,602
Lless Trans-Lunar Midcourse Correction - 2,160 - 2,446

Propellant

Vehicle at End Midcourse Correction 69,844 79,156
Less Deboost Propellant -17,531 -21,609
Vehicle in Lunar Orbit ‘ 52,313 57,547
Less Orbital Maneuver Propellant -11,143 -12,486
Less Camera Module - 5,000 - 5,000
.Less Modified LEM Descent Stage - - 2,800
Vehicle at Start Trans-Earth Injection 36,170 37,261
Less Trans-Earth Injection Propellant - 9,079 -10,170
Vehicle in Trans<Earth Trajectory 27,091 27,001
Less Return Midcourse Propellant - 813 - 813
Vehicle Prior to SM Separation 22;212 26,278
TOTAL PROPELLANT SM - 40,726 SM - 35,038
LEM - 12,486

TIAL
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TAPLE 5-28
SATURN V SCIENTIFIC SURVEY MISSION (CONFIGURATION 1, TABLE 5-27)

PARAMETER

LUNAR OPERATIONS

1
2
3.
L,
>
6
1.

9.
10.
11,
12.
'I' 13.
1L,
15.

TIME OF INJECTION (MIN GMT) 122h.h JUNE 28, 69
WEIGHT AT INJECTION (LB) 72,00k
TIME OF PERICYNTHION (MIN GMT) 614, 4 JULY 03, 69
TRANSEARTH HYPERBOLIC INCLINATION (DEG) 87.0k46
PERICYNTHION ALTITUDE (N MI) 79.095
PARKING ORBIT INCLINATION (DEG) 90
P, O. NODE AT PERICYNTHION (DEG) 88.620
DEBOOST PLANE CHANGE (DEG) 6.638
MIDCOURSE VELOCITY INCREMENT (FPS) 370
DEBOOST VELOCITY INCREMENT (FPS) 2318.6
WEIGHT OF SM PROPELLANT FOR (9 AND 10) 19, 231
CSM WEIGHT AFTER LOI (LBS) 22,773
PARKING ORBIT DURATION (HOURS) 67k
WEIGHT EXPENDED DURING WAIT (LB) 11,191
CAMERA WEIGHT LEFT IN LUNAR ORBIT (LB) 5, 000

TRANSEARTH TRAJECTORY

O O ~3 OV &~ Ww -

o
N = O

TIME OF INJECTION (MIN GMT) 720 JULY 31, 69
CSM WEIGHT PRIOR TO TRANSEARTH INJECTION (LB) 36, 582
TEI PLANE CHANGE (DEG) T.746
TEI VELOCITY INCREMENT (FPS) 2857
MIDCOURSE VELOCITY CORRECTION (FPS) 250
WEIGHT OF SM PROPELLANT FOR 4 AND 5 (LB) 9722
CSM WEIGHT AFTER TEI (LB) 26, 860
TRANSEARTH FLIGHT TIME (HOURS) 110
LANDING SITE ‘ SAMOA
RETURN INCLINATION (DEG) ko
RE-ENTRY MANEUVER ANGLE (DEG) 33
TIME OF LANDING (MIN GMT) 111.7 AUG 5, 69

This document contains informatiglo Bdigited States within the ing of the Espi Laws, Title
18, U.S.C., Section 793 and 79 snanner to an unauthorized person is prohibited by law.
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5.4 Lunar Landing Missions

An Extended Stay Lunar Exploration Mission involving consecutive landings
of two vehicles (LEM Shelter, LEM Taxi) at a selected lunar site for extended
periods has been studied and reported in Reference 6. The primary purpose of the
study was to evolve trajectory techniques which maximized lunar accessibility
in terms of available sites and stay time, and still be within the basic Apollo
constraints. The details will not be repeated here, but it was found necessary,
in general, to violate the continuous abort constraint,

Tables 5-29 thru 5-32 indicate the LEM Shelter and LFM Taxi vehicle mission
profiles for two arbitrarily selected lunar landing sites (0° lat, -80° long)
and (45° lat, -80° long). The discrepancy between the LEM Shelter and LEM
Taxi dates exist because of the available data that could be immediately utilized.

Nevertheless, representative trajectories are shown.

=

s

4 e .
Bcting the national defense of il tates within the ning of the ': pi g8 Laws, Title
transmission or revelation of which in d Milee: to on unauthorized person is prohibited by law.
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TABLE 5-30, SATURN V LUNAR EXPLORATION MISSION, LEM SHELTER

PARAMETER
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LANDING SITE LOCATION (IAT., LONG.)

45°,  B0°

1&
15.

\Z2 OJ;\] [6) RS AN WY

10.
il1.
12.

This d |
18, U.S.C., Section 793 -nd 794, the tmnlmlu‘n or revelation of whic

LUNAR OPERATIONS

TIME OF INJECTION (MIN GMT)

CSM WEIGHT AT INJECTION (LB)

TIME OF PERICYNTHION (MIN GMT)
TRANSLUNAR HYPERBOLIC INCLINATION (DEG)
PERICYNTHION ALTITUDE ( N MI)

PARKING ORBIT INCLINATION (DEG)

P. 0. NODE AT PERICYNTHION (DEG)
DEBOOST PLANE CHANGE (DEG)

MIDCOURSE VELOCITY INCREMENT (FPS)
DEBOOST VELOCITY INCREMENT (FPS)
WEIGHT OF SM PROPELLANT FOR 9 and 10 (LB)
CSM WEIGHT AFTER INSERTION (LUNAR P.O.)
PARKING ORBIT WAITING TIME (HOURS)
WEIGHT EXPENDED DURING WAIT (LB)

LEM PLANE CHANGE AT LIFTOFF (DEG)

LEM DESCENT/ASCENT

START WEIGHT OF HOHMANN TRANSFER

TRANSEARTH TRAJECTORY

TIME OF INJECTION (MIN GMT)

CSM WEIGHT PRIOR TO TRANSEARTH INJECTION (LB)

TRANSEARTH INJECTION PLANE CHANGE (DEG)
‘TRANSEARTH VELOCITY INCREMENT (FPS)
MIDCOURSE VELOCITY AND CONTINGENCIES (FPS)
WEIGHT OF SM PROPELLANT FOR 4 AND 5 (LB)
CSM WEIGHT AFTER TRANSEARTH INJECTION (LB)
TRANSEARTH FLIGHT TIME (HOURS)

LANDING SITE

RETURN INCLINATION (DEG)

RE-ENTRY MANEUVER ANGLE (DEG)
TIME OF LANDING (MIN GMT)

offecting m“ml

nited States within m

903.4 JUL 26,69
90, 223
T42.4 JUL 30,69
171.40
79.80
171.40
233.1
o
370
2,715
23,720
66, 503
5.25
0

0

33,500

733.7 JUL 31,69
33,003

5.20

2, 768

815

9,933

1AL

of the Espi

defense =
to an
.

Lows, Title
d person is puhlblhd by low.

903.5 JUL 26, 69
90, 259

504.9 JUL 31,69
95.40

79.80

95.40

287.90

0

370
2,720
23, 718
66, 541
5.30

0

0

792 AUG 1,69
33,041

5.80

2,772

815

9,871

23, 170
109.45
HAWAII

Lo

; .33
159.6 AUG 6,69
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TABLE 5-31.SATURN V LUNAR EXPLORATION MISSION, LEM TAXI

PARAMETER

LANDING SITE LOCATION (IAT., LONG.)

0%, -80°

459 _go°

O O OV N+

10.

1
L
1
1

—

2.

3.
L.

5.

~ O\ o DN

N HOW O~ OV e o

LUNAR OPERATIONS

TIME OF INJECTION (MIN GMT)

CSM WEIGHT AT INJECTION (LB)

TIME OF PERICYNTHION (MIN GMT)
TRANSLUNAR HYPERBOLIC INCLINATION (DEG)
PERICYNTHION ALTITUDE (N MI)

PARKING ORBIT INCLINATION (DEG)

P. O. NODE AT PERICYNTHION (DEG)
DEBOOST PIANE CHANGE (DEG)

MIDCOURSE VELOCITY INCREMENT (FPS)
DEBOOST VELOCITY INCREMENT (FPS)
WEIGHT OF SM PROPELIANT FOR 9 AND 10(LB)
CSM WEIGHT AFTER INSERTION (LUNAR P.O.)
PARKING ORBIT WAITING TIME (HOURS)
WEIGHT EXPENDED DURING WAIT (LB)

LEM PLANE CHANGE AT LIFTOFF (DEG)

LEM DESCENT/ASCENT

START WEIGHT OF HOHMANN TRANSFER
START WEIGHT OF FINAL DESCENT
WEIGHT AT TOUCHDOWN

WEIGHT EXPENDED DURING STAY
LIFTOFF WEIGHT

WEIGHT AFTER RENDEZVOUS
JETTISON WEIGHT

TRANSEARTH TRAJECTORY

TIME OF INJECTION ( MIN GMT)

CSM WEIGHT PRIOR TO TRANSEARTH INJECTION (LB)
TRANSEARTH INJECTION PIANE CHANGE (DEG)
TRANSEARTH VELOCITY INCREMENT (FPS)
MIDCOURSE VELOCITY AND CONTINGENCIES (FPS)
WEIGHT OF SM PROPELIANT FOR 4 AND 5 (LB)
CSM WEIGHT AFTER TRANSEARTH INJECTION (LB)
TRANSEARTH FLIGHT TIME (HOURS)

LANDING STTE

RETURN INCLINATION (DEG)

REENTRY MANEUVER ANGLE (DEG)

{ \
TIME OF LANDING (MIN GMT)

193.3 FEB 25,72
91,585

1033.3 FEB 29,72
128.28

79.24

174,39

287.87

5.83

370

2,712

2k, 143

67,442

0

0

1.00

29,980
29,647
15,236
L, 736
10,500
5,124
5,124

180.0 MAR 15,72
37,462

0.25

2,727

815

11,108

26, 354

104.3

HAWATI

Lo

o 33
680.4 MAR 19,72

193.3 FEB 25,72
91,585

1033.3 FEB 29.72
91.93

79.97

9l1.12

28k .08

2.77

370

2,643

23,682

67,903

19

48

2.00

1400.0 MAR 15,72
37,875

3.32

2, Thé

815

11, 296

26,579

109.1

HAWAIT

Lo

33
T44.0 MAR 20,72
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